Objectives To examine how clusters of energy balancerelated behaviours (EBRBs), including sleep related factors, were associated with overweight among adolescents. Methods In Finland, 4262 adolescents, aged 13-15, participated in the cross-national Health Behaviour in Schoolaged Children study. The adolescents completed questionnaires assessing EBRBs [sleep duration, discrepancy and quality, physical activity (PA), screen time, junk food, fruit, and vegetable intake] and height and weight. Clusters were identified with j-means cluster analysis and their associations with overweight with logistic regression analyses. Results Common clusters for boys and girls were labelled ''Healthy lifestyle'' and ''High screen time, unhealthy lifestyle''. In addition, the cluster ''Low/moderate screen time, unhealthy lifestyle'' was identified among boys, and the cluster ''Poor sleep, unhealthy lifestyle'' among girls. Only girls in the cluster ''High screen time, unhealthy lifestyle'' were at increased risk for overweight. Conclusions Girls, whose EBRB was characterized by high screen time and low PA, but not with poor sleep, were at increased risk for overweight. Future studies should examine ways to promote PA among adolescent girls with high interest in screen-based activities.
Introduction
Overweight and obesity are a growing public health problem worldwide among children and adolescents (Lobstein et al. 2004) . The International Health Behaviour in School-aged Children (HBCS) study shows that over one-tenth of 13-to 15-year-old girls and nearly one-fourth of boys of the same age are overweight (including obese) (Inchley et al. 2016 ). Both overweight (Singh et al. 2008) and patterns of health behaviours established during childhood and adolescence (Craigie et al. 2011) tend to track into adulthood. Since a single health behaviour alone cannot adequately explain weight status, an approach that assumes that certain groups share similar kinds of health behaviour patterns promises to deepen our understanding of how to promote health and prevent overweight (Gubbels et al. 2013) .
Among adolescents, the risk for overweight seems to increase when unhealthy behaviours co-occur (Van den Bulck and Hofman 2009). Still, not all studies have found an unambiguous co-occurrence of energy balance-related behaviours (EBRBs) or demonstrated an association between EBRBs and body mass index (BMI). In a study of the US adolescents (ages 11-21) (Boone-Heinonen et al. 2008) , girls' risk for obesity was higher in almost all other constructed clusters (e.g., defined by sedentariness) than in the cluster characterized by high physical activity. Among girls, the risk was evident both cross-sectionally and longitudinally, whereas boys showed no increased risk for obesity (Boone-Heinonen et al. 2008 ). An HBSC study in Portugal revealed that adolescents who were physically active, but also had high screen time, had a lower BMI than the group with healthier lifestyle [high levels of physical activity (PA), low sedentary behaviour, high fruit and vegetable (FV) intake, low sweets, and soft drink intakes] (Veloso et al. 2012) . Among adolescents from nine European countries, no association was found between defined clusters and weight status (Ottevaere et al. 2011) , whereas in Norway, only adolescents who belonged to the ''unhealthy'' cluster had a significantly lower BMI (van der Sluis et al. 2010) .
Most studies examining EBRBs and overweight have not included sleep-related factors in their cluster analysis (Leech et al. 2014a ). Short sleep duration is, however, related not only to different adiposity indicators , but also to other EBRBs, such as snacking (Nedeltcheva et al. 2009 ), lower levels of PA and healthy eating (Garaulet et al. 2011; Hitze et al. 2009 ), and high screen-based sedentary time (Nuutinen et al. 2013) . In a study of Fernández-Alvira et al. (2013) , schoolchildren aged 10-12 who slept less than most of their peers and were inactive showed the highest proportions of overweight. Similarly, compositional analyses by Carson et al. (2016) found that the normal-weight quartile was characterized by higher levels of moderate-to-vigorous physical activity and longer sleep. On the other hand, Pereira et al. (2015) reported that overweight was more common among schoolchildren who were more active, slept more, and had lower diet quality and higher screen time, as defined in a latent class analysis. Similar to short sleep duration, also poor sleep quality, such as insomnia and sleep problems, has been found to associate with overweight (Jarrin et al. 2013 ) as well as with high screen-based sedentary time (Johnson et al. 2004; Yen et al. 2008) . Therefore, it would be important to include different sleep-related factors when examining EBRBs and their associations with overweight among adolescents. Since EBRB cluster membership has been found to vary according to parental socioeconomic status in many (Boone-Heinonen et al. 2008; Fernández-Alvira et al. 2013; Leech et al. 2014b; Ottevaere et al. 2011) , but not in all (Sabbe et al. 2008 ) studies, socioeconomic status should be taken into account, as well.
Aims
The first aim of the present study is to investigate the presence of clusters according to EBRBs, including sleep duration, the discrepancy of sleep duration between school and weekend nights, sleep quality, PA, junk food intake, fruit and vegetable intake, and screen time (TV viewing, computer use, and playing games on the computer) among 13-to 15-year-old Finnish adolescents. The second aim is to examine whether the identified clusters of EBRBs associate with overweight (BMI [25 kg/m 2 ).
Methods Data
The data came from the Finnish subset of the cross-national Health Behaviour in School-aged Children (HBSC) study in 2010. The HBSC study is based on a school survey whose questions assessed wide range of health behaviours and health indicators. Researchers collect the data and administer the survey through schools every fourth year. The HBSC study comprises nationally representative samples of 11-, 13-, and 15-year-old adolescents. The minimum recommended sample size, based on power calculations, is 1536 adolescents in each of the three age groups. Sampling is described in more detail in the study protocol (Griebler et al. 2010) . In Finland, schools are selected by cluster sampling from school registers after taking into account the size of schools and regions. One class is then selected randomly from each school. Adolescents complete the internationally standardized questionnaire developed by the international research network in the classroom. The validity and reliability of the measures have been examined in different countries (Griebler et al. 2010; Tynjälä 1999) . In this study, we use crosssectional data on Finnish 13-to 15-year-old adolescents (n = 2152 and 2110, response rates 93 and 96%). The adolescents' participation was voluntary and based on informed consent. Ethics approval came from the National Board of Education and the Trade Union of Education. In addition, each school's headmaster independently decided whether to participate in the study.
Measures

Screen time
TV viewing was measured with the question: ''How many hours a day do you usually watch TV, DVDs, or videos on schooldays/weekends?'' The questionnaire assessed computer use with two questions: ''How many hours a day do you usually use a computer for chatting, surfing the internet, emailing, or doing your homework on schooldays/ weekends?'' and ''How many hours a day do you usually play computer or console games (Playstation, Xbox) on schooldays/weekends?'' In this study, the former is called computer use, and the latter, playing on the computer. Response categories for each variable were ''not at all'', ''half an hour'', ''1 h'', ''2 h'', ''3 h'', ''4 h'', ''5 h'', ''6 h'', and ''7 h or more'', coded as 0, 0.5, 1…to 7. Separate continuous variables in the cluster analysis included TV viewing, computer use, and playing on the computer.
Sleep duration
Bedtimes were elicited as follows: ''When do you usually go to bed if the next morning is a school day/weekend?'' Answering alternatives for bedtimes on school nights ranged in half-hour intervals from ''at latest 9 p.m.'' to ''2 a.m. or later'' and on weekend nights from ''at latest 9 p.m.'' to ''4 a.m. or later''. We assessed wake-up times with the question: ''When do you usually wake up on school mornings/weekend mornings?'' Response categories for wake-up times on school mornings ranged in half-hour intervals from ''5 a.m. at the latest'' to ''8 a.m. or later'' and on weekend mornings from ''7 a.m. at the latest'' to ''2 p.m. or later''. We then calculated a continuous sleep duration variable with the following formula: 24 -bedtime ? wake-up time. In the cluster analyses, we used only sleep duration on school nights, due to its representativeness of the typical sleep duration with a more regular bed and wake-up routine as well as its stronger association with weight status (Altenburg et al. 2013 ).
Discrepancy of sleep duration
We calculated a continuous variable representing the discrepancy of sleep duration as sleep duration on weekend night-sleep duration on school nights.
Sleep quality
Sleep quality includes difficulty falling asleep, nocturnal awakenings, and sleep onset latency. Difficulty falling asleep and nocturnal awakenings were assessed with the question: ''How often have you had the following symptoms during the past 6 months?'' Answer alternatives ranged from ''1 = almost daily'' to ''5 = less than once a month or never''. The question assessing sleep onset latency was ''How fast do you usually fall asleep?'' and the answer alternatives ranged from ''1 = in 10 min or less'' to ''5 = it usually takes over 40 min to fall asleep''. Sleep onset latency was rotated (the highest score indicating a lower latency) before calculating the continuous sleep quality sum-variable. Cronbach's alpha for girls was 0.71, and for boys, 0.66.
Junk food intake
Junk food intake is a continuous sum variable of the five questions: ''How often do you eat hamburgers or hot dogs/ potato chips/pizza/candies or chocolate?'' and ''How often do you drink coke or other soft drinks that contain sugar?'' Answer alternatives ranged from ''1 = never'' to ''7 = every day, more than once''. Cronbach's alpha for girls was 0.64, and for boys 0.74.
Fruit and vegetable intake
FV intake is a continuous sum-variable of the two questions: ''How often do you eat vegetables/fruits?'' Answer alternatives ranged from ''1 = never'' to ''7 = more than once every day''. Cronbach's alpha for girls was 0.70, and for boys 0.73.
Physical activity
Physical activity was assessed with the question ''How many hours a week outside of school hours do you usually exercise, such that you get out of breath and sweat?'' Answer alternatives ranged from ''1 = not at all'' to ''6 = seven or more hours''. The variable was categorized as follows: 1 = 0-1 h per week, 2 = 2-3 h per week, and 3 = 4-7 h per week.
Overweight
The participants were asked to indicate their weight in kilograms and their height in centimeters. Their BMI was calculated by dividing their weight in kilograms by the square of their height in meters (kg/m 2 ). We then, using cut-off points adapted from Cole et al. (2000) , dichotomized BMI as normal weight and overweight (including obese) (BMI over 25 kg/m 2 ).
Covariates
Adolescents' age and educational aspiration served as covariates in the logistic regression analysis. Educational aspiration, which has been reported to reflect on parental educational status among adolescents (Dubow et al. 2009 ), was measured with the question: ''What do you think you will do when you finish compulsory basic education?'' The answer alternatives were ''1 = Try to enter general upper secondary education'', ''2 = Try to enter vocational upper secondary education or other vocational training'', ''3 = Try to find an apprenticeship'', ''4 = Take the double examination (e.g., general upper secondary education and vocational upper secondary education)'', ''5 = Find a job'', ''6 = Be unemployed'', and ''7 = Don't know''. Educational aspiration was dichotomized as follows: 1 = Try to enter general upper secondary education and 0 = the remaining categories.
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Statistical analyses
We analysed the data with the Statistical Package for the Social Sciences version 20 for Windows (SPSS) and calculated the means, standard deviations and proportions to describe the key variables. Gender differences in EBRBs and BMI were examined with the independent sample t test, the Mann-Whitney u test, or the v 2 test depending on the distribution and the scale of the variable.
Co-occurring patterns of EBRBs were identified with a j-means cluster analysis. The analyses included 3865 adolescents [mean age 14.7 (SD 1.0), n = 2051, girls 53%; n = 1814, boys 47%], and were performed separately according to gender due to significant differences in EBRBs (Table 1 ). All variables were transformed into standardized Z-scores to standardize the scaling (mean 0, standard deviation 1) across the variables prior to clustering. Taking a random subsample of 50% of the total sample and repeating the cluster analysis with this internal subsample confirmed the stability of the constructed cluster solution. Comparing the cluster memberships of the subsample to those of the total sample and calculating a kappa degree of agreement confirmed the reliability of the cluster memberships. In all, we tested two-, three-, and fourcluster solutions, from which the three-cluster solution proved the most meaningful and reliable. ANOVA and post hoc tests with Bonferroni corrections served to examine the differences in EBRBs between the clusters.
Logistic regression analysis served to examine the associations between the clusters of EBRBs and overweight. All regression models were performed separately for girls and boys and were adjusted for age and educational aspiration. The level of statistical significance was \0.05.
Results
Descriptive statistics of EBRBs and BMI appear in Table 1 . Gender differences were evident: boys slept more, enjoyed higher sleep quality, and had a shorter discrepancy of sleep duration between school and weekend nights than did girls. Although boys were more physically active, they also played more computer games. Girls, compared to boys, watched more TV and used the computer for purposes other than playing. Girls also more often ate fruits and vegetables and less often junk food than boys did. Girls reported upper secondary school as their educational Educational aspiration % \0.001
Upper secondary school 48 60
Other than upper secondary school 52 40
Gender differences in EBRBs, BMI, age, and educational aspiration tested with independent sample t test, Mann-Whitney test, and v 2 test depending on the scale and distribution of the variable BMI body mass index, EBRBs energy balance-related behaviours, h hours, m minutes, ns non-significant aspiration more often than did boys. Overweight was more prevalent among boys (19%) than girls (13%).
Description of the clusters
The j-means cluster analysis resulted in three reliable and meaningful clusters of EBRBs for boys and girls. We labelled the clusters according to the most prominent behaviours in each. The cluster labelled ''Healthy lifestyle'' was observed among both boys (n = 996, 55%) and girls (n = 1112, 54%). The second cluster ''High screen time, unhealthy lifestyle'' was also identified among boys (n = 308, 17%) and girls (n = 505, 25%). The third cluster was labelled among boys as ''Low/moderate screen time, unhealthy lifestyle'' (n = 510, 28%) and among girls as ''Poor sleep, unhealthy lifestyle'' (n = 434, 21%). Good agreement was found (Cohen's Kappa among boys: j = 0.906, P \ 0.001; girls: j = 0.867, P \ 0.001).
Figures 1 and 2 show final cluster centres (z-scores) for each cluster for boys and girls. The cluster ''Healthy lifestyle'' shows high-to-moderate z-scores (above 0) on sleep duration, sleep quality, PA, and FV intake, and low zscores on TV viewing, computer use, playing on the computer (only girls), junk food intake, and sleep discrepancy. The cluster ''High screen time, unhealthy lifestyle'' shows high z-scores on TV viewing, computer use, playing on the computer, and junk food intake, and low zscores on sleep duration, sleep discrepancy, sleep quality, PA, and FV intake. Among boys, the cluster ''Low/moderate screen time, unhealthy lifestyle'' shows low z-scores on sleep duration, PA, FV intake, TV viewing, and computer use, and high z-scores on junk food intake, playing on the computer, and sleep discrepancy. Among girls, the cluster ''Poor sleep, unhealthy lifestyle'' shows high/moderate z-scores on TV viewing, computer use, junk food intake, and sleep discrepancy. Sleep duration, sleep quality, PA, FV intake, and playing on the computer all showed low scores.
Mean values (not standardized) of the EBRBs and statistically significant differences between the clusters appear in Table 2 . Statistically significant differences occurred in most EBRBs among both genders. Boys and girls in the cluster ''Healthy lifestyle'', compared to other clusters, more often reported upper secondary school as an educational aspiration. The proportion of younger adolescents was higher in the cluster ''Healthy lifestyle'' ( Associations between clusters of EBRBs and overweight Table 3 shows odds ratios for overweight by clusters. The risk for overweight was higher among girls in the cluster ''High screen time, unhealthy lifestyle'' than among those in the ''Healthy lifestyle'' cluster. There was no elevated risk for overweight among girls in the cluster ''Poor sleep, unhealthy lifestyle'' compared to the cluster ''Healthy lifestyle''. Among boys, the risk for overweight did not differ in those belonging to the ''High screen time, unhealthy lifestyle'' or ''Low/moderate screen time, unhealthy lifestyle'' clusters compared to those in the ''Healthy lifestyle'' cluster.
Discussion
We found three reliable and meaningful clusters of EBRBs among Finnish 13-to 15-year-old boys and girls. In our study, the cluster solutions differed somewhat according to gender, as has been reported in other studies, as well (Leech et al. 2014a) . Common clusters for both genders were labelled ''Healthy lifestyle'' and ''High screen time, unhealthy lifestyle''. In addition, the cluster ''Low/moderate screen time, unhealthy lifestyle'' was identified among boys. Among girls, the third cluster was labelled ''Poor sleep, unhealthy lifestyle''. Over half of both girls and boys were in the cluster ''Healthy lifestyle'', characterized by high PA, healthy diet, low screen time, as well as with recommended levels of sleep duration and high sleep quality. The ''Healthy lifestyle'' cluster was also characterized by a higher proportion of younger adolescents, which the previous studies have also reported (CuencaGarcía et al. 2013 ). We found a greater risk for overweight only among girls in the ''High screen time, unhealthy lifestyle'' cluster when compared to the ''Healthy lifestyle'' cluster. Similar to our results, a study of 11-year-old children (te Velde et al. 2007) found that girls in the clusters characterized by high TV viewing and computer use were at higher risk for overweight compared to girls in the healthy behaviour cluster characterized by low TV viewing, low computer use, and high PA level. Although overweight was more prevalent among boys in our study, we found no significant associations between clusters of EBRBs and overweight among boys. In agreement with this result, a US study demonstrated the association between EBRBs and obesity mainly only among Clustering of energy balance-related behaviours, sleep, and overweight among Finnish adolescents 935 adolescent girls, whereas among boys, only the cluster characterized by high junk food and smoking inversely associated with obesity (Boone-Heinonen et al. 2008) . Without further research, the reason for the lack of associations between clusters of EBRBs and overweight among boys can only be hypothesized. One explanation can be the boys' greater need for energy during the fast growth process in adolescence, which would mean that the effects of high screen-based sedentary time, low levels of PA, and unhealthy eating would potentially not be seen until early adulthood. Although BMI scores were adjusted for gender and age, it can be that physically active boys' tendency to gain more muscle mass compared to girls can still attenuate the association between EBRBs and risk for overweight. In general, screen time among boys and girls in our study was higher than recommended (Strasburger et al. 2013) , and similar to other studies (Altenburg et al. 2013; Boone-Heinonen et al. 2008) , boys spent more time in front of the screen than girls. Still, high screen time alone does not necessarily associate with overweight, since the combination of different EBRBs is what matters. A Portuguese study, which included boys and girls together in the analyses, stated that the smallest BMI occurred in a cluster characterized by both higher screen time and high PA, compared to the group with healthier behaviours such as high PA, low sedentary behaviour, high FV intake, low sweets, and soft drink intakes (Veloso et al. 2012 ). In the study by te Velde et al. (2007) , boys' risk for overweight was, compared to the healthy behaviour cluster, higher in the cluster characterized by high computer use but not in the cluster characterized by high TV viewing. The authors link the discrepancy in the associations with overweight between the clusters defined by two different types of high screen time to the fact that boys in the high TV viewing cluster also had the highest PA level.
It is noteworthy that sleep duration and the discrepancy of sleep duration were the key variables differentiating the clusters between girls and boys. Girls tended to fall in the cluster ''Poor sleep, unhealthy lifestyle'', characterized by short sleep duration (about 7 h) on school nights, which does not meet the recommendation of 8-10 h sleep per night for adolescents (Hirshkowitz et al. 2015) . Girls in this cluster also had a high discrepancy of sleep duration between school and weekend nights, which probably means that girls recover during the weekend the sleep loss they incur during the school week. Such irregularity (social jet lag) in sleep patterns associates with obesity and metabolic dysfunction in middle age, whereas among adolescents, irregular sleep schedules associate with impaired cognitive abilities, behavioural problems, and fatigue (Parsons et al. 2015; Touitou 2013) .
In our study, we observed no increased risk for overweight in the group characterized by poor sleep, which is understandable, since health risks could be more prone to emerge over the long run (Parsons et al. 2015) . On the other hand, a study of school-aged children reported the highest proportions of overweight among girls and boys who were inactive and slept the least, whereas the smallest proportions of overweight occurred among girls who were inactive and slept the most (Fernández-Alvira et al. 2013) . Still, the importance of sufficient sleep and its co-occurrence with other EBRBs was also demonstrated in our study: those adolescents who slept the most (9 h) were also the most physically active and more likely to belong to the ''Healthy lifestyle'' cluster. During adolescence, the circadian rhythm can become delayed (Sadeh et al. 2009 ), while other health behaviours remain quite healthy. This might partly explain the lack of associations between poor sleep and overweight in our study, where most of the girls' other EBRBs were healthier in the cluster characterized by poor sleep than in the cluster ''High screen time, unhealthy lifestyle''. Still, girls also reported their sleep to be somewhat poorer in the ''High screen time, unhealthy lifestyle'' cluster than in the ''Healthy lifestyle'' cluster. This indicates the need to examine in more detail the interplay between sleep and different kinds of screen-based activities and their associations with the risk of overweight in future studies. Overweight often stems from several EBRBs, which have been shown to be inter-related behavioural combinations (McAloney et al. 2013) . One strength of the present study is its cluster analysis, which identifies subgroups according to their health behaviour, thus making it easier to plan and target health promotion strategies that would most benefit each subgroup (Gubbels et al. 2013) . Cluster analysis enables the organization of individuals into meaningful subgroups and the consideration of several EBRBs and their combinations without dichotomization of the variables (McAloney et al. 2013) . A further strength of the present study is the inclusion of different sleep-related variables in the cluster analysis of EBRBs and risk for overweight. This is necessary, since short sleep duration and poor sleep quality are related to risk for overweight and other health complaints (Garaulet et al. 2011; Jarrin et al. 2013; Nuutinen et al. 2014) . The data consisted of a large, representative sample of Finnish adolescents. The EBRB clusters showed high stability and could, therefore, be considered representative patterns of EBRBs among Finnish adolescents.
The cross-sectional data of the present study do not support causal conclusions. Longitudinal studies could add to our understanding of the stability of these EBRBs and the possible association of the clusters with weight status over the long run. In the present study, all measured variables were based on self-reports. Overweight or obese adolescents underestimate their weight more often than normal-weight adolescents, and girls tend to underestimate their weight more than boys (Sherry et al. 2007 ). This tendency may have led to the under-classification of overweight and thereby attenuate the results. Since the potential bias concerns the other variables in the present study as well, the results should be considered with caution. The measures have, however, demonstrated appropriate validity and reliability in the previous studies (Griebler et al. 2010; Tynjälä 1999) . Some evidence exists that cluster membership varies according to parental socioeconomic status (Leech et al. 2014b ). Since we had no precise data on parental socioeconomic status, we adjusted the regression analyses for educational aspiration, which reflects parental education level (Dubow et al. 2009 ).
Our study shows that behaviours considered healthy co-occur, and vice versa. Over half of the adolescents in this study belonged to the ''Healthy lifestyle'' cluster. However, only one-third of the adolescents in this cluster attained the recommended levels of PA. Poor sleep, as part of EBRBs, did not increase their risk for overweight, although poor sleep was evident in one group of girls.
Rather, increased risk for overweight occurred only among girls belonging to the cluster ''High screen time, unhealthy lifestyle''. Identifying the factors (e.g., the social environment) which might promote PA, especially among girls with a high interest in screen-based activities, would prove beneficial.
